INTRODUCTION 7
To test the hypotheses that the validation and predictions of fate and transport models can 9 9 be improved by accounting for environmental sampling effort and landscape-level contaminant 1 0 0 release information, respectively, we selected 31 of the most commonly used pesticides and 1 0 1 compiled data describing their use, application rate, environmental mobility, EECs from the 1 0 2 PWC, and maximum measured environmental concentrations in lentic and lotic systems. We source. Given the postulated importance of sampling effort, we predicted that the PWC would 1 0 6 more accurately predict maximum concentrations in lotic than lentic systems because lotic 1 0 7 systems are sampled for pesticides nearly 4.9 times as much as lentic systems (mean number ± 1 0 8 standard deviation of lotic versus lentic samples per pesticide from federal databases: 16,111± 1 0 9 10,301 vs. 3,304 ± 3,005). Finally, we predicted that the PWC's predictions of maximum EECs 1 1 0 could be improved by incorporating landscape-level use or release information to account for 1 1 1 likely multiple sources of pesticides to freshwater ecosystems. Our analyses focus on the 31 most commonly used herbicides and insecticides applied on 1 1 6 corn in the US (Table 1) . To select this group of pesticides, we first ranked insecticides and Geological Survey [USGS]) (https://water.usgs.gov/nawqa/pnsp/usage/maps/county-level/). We 1 2 1 classified each pesticide as an herbicide or insecticide using the primary use type classifications 1 2 2 indicated by the Pesticide Action Network (PAN) Pesticide Database 1 2 3 (http://www.pesticideinfo.org/). We excluded mineral or biologic (e.g. bacteria) pesticides, 1 2 4 because we were interested in examining the transport and fate of synthetic compounds. From 1 2 5 these most commonly used synthetic herbicides and insecticides, we selected compounds that 1 2 6 were detected in streams from 1992 to 2012 by the USGS NAWQA program 1 2 7 (www.waterqualitydata.us/portal, obtained on 30 March 2017). Finally, we examined 1 2 8 commercial product use labels and only included compounds that were used on corn because 1 2 9 standard EPA scenarios used in the calculation of EECs (see below) are more frequently 1 3 0 available across geographic regions in the US for corn than other crops. This selection process 1 3 1 resulted in 16 herbicides and 15 insecticides (Table 1) . for certain pesticides from PAN or PPDB, we used data from the Toxicology Data Network (https://toxnet.nlm.nih.gov/newtoxnet/hsdb.htm) as indicated in Tables S1 and S2. maximum recommended application rate and method were taken from US commercial pesticide 1 8 8 product labels. For herbicides, product instructions for pre-emergent applications for corn were occur just after planting, 12 days prior to corn emergence. For herbicides that are exclusively 1 9 1 applied post-emergence, we assumed applications would occur 10 days after corn emergence.
9 2
We assumed all herbicides would be applied by direct ground spray, unless product labels 1 9 3 indicated the need for soil incorporation. In those cases, applications were set to occur at the 1 9 4 suggested depth of soil incorporation based on the product label. For insecticides, product 1 9 5 application instructions for post-emergent applications for corn were used when available. We 1 9 6 assumed that the first applications would occur 30 days after emergence by spray above the 1 9 7 plant. For insecticides that are applied pre-emergence, we assumed applications would occur 12 1 9 8 days before emergence by ground spray at the depth of soil incorporation according to the 1 9 9 product labels. (Tables S1 and   2  0  4 S2). For all pesticide compounds, water, benthic, and soil reference temperatures were assumed 2 0 5 to be 23 degrees C, and photolysis reference latitude was 40 degrees. When foliar half-life was 2 0 6 not available for a given pesticide, foliar half-life was assumed not to be a large contributor to 2 0 7 breakdown in the environment in the PWC model and was set to zero. Under the 2 0 8 recommendation of the PWC user manual, efficiency was set to 0.99 and drift was set to 0.01 for 2 0 9 all pesticide compounds. Applications were assumed to occur every year. For each pesticide 2 1 0 compound, EECs were generated for both ponds and reservoirs in each of five different states EECs values for each pesticide. We used the maximum EEC of these 10 estimates for each 2 1 4 pesticide in all statistical analyses. To determine how often maximum EECs represent worst-case scenarios of pesticides in 2 1 7 lentic systems, we calculated the proportion of pesticides for which the maximum environmental to describe maximum lentic field values. In all other analyses, we use maximum lentic field 2 2 3 values from the National Water Quality Monitoring Council exclusively to ensure that the 2 2 4 methods of estimating maximum lentic and lotic field concentrations were similar, which is an 2 2 5 important consideration for the quantitative assessment for model validation and improvement of 2 2 6 model predictions. The literature concentrations had to be removed from these analyses because 2 2 7 they did not use consistent sampling methodology across studies. To evaluate the effects of sampling effort on detection of maximum field concentrations 2 2 9 in lentic and lotic systems, we built two separate linear models (lm function, stats package 23 ) in 2 3 0 which the response was either maximum lentic or lotic concentration and the predictor was 2 3 1 sampling effort, defined as the total number of times a pesticide was surveyed for between 1992 2 3 2 and 2012 respective to each system, including surveys which resulted in no detection of the EECs with maximum field concentrations, first we examined the effect of sampling effort on the 2 3 5 relationship between maximum field concentration and maximum EEC. We extracted the 2 3 6 13 residuals from a mixed model (lmer function, lme4 package 24 ) with maximum field 2 3 7 concentration as the response and maximum EEC as the predictor with pesticide compound as 2 3 8 the random effect. These residuals became the response in a subsequent mixed model, where the 2 3 9 predictor was sampling effort, and the random effect was pesticide compound. Next, we 2 4 0 compared models predicting maximum field concentrations from maximum EECs with and 2 4 1 without observations weighted by sampling effort. We constructed linear models (lm function, predictors were maximum EEC, pesticide type (insecticide or herbicide), and the interaction 2 4 5 between these two predictors. We ran each model with and without weighting observations by 2 4 6 sampling effort. In the evaluation of the effect of maximum field concentration on maximum 2 4 7 EEC in this set of analyses, we used a one-tailed hypothesis test because of the prediction that were generated using visreg 28 and ggplot2 29 packages. R 3.2.1 statistical software 23 was used for 2 7 3 all analyses. Historically, EECs have been described as worst-case environmental concentrations 15 . However, maximum concentrations in lentic systems exceeded EECs for 37.5% of herbicides (6 2 7 9 of 16) and 41.7% of insecticides (5 of 12), suggesting that for many pesticides, EECs did not 2 8 0 represent worst-case scenarios of exposure in lentic systems.
We hypothesized that maximum field concentration would increase asymptotically with 2 8 3 sampling effort (Fig. 1B) . As sampling effort increases, detected maximum field concentration 2 8 4 should increase up to a point (gray section of Fig. 1B) , after which increased sampling effort 2 8 5
should have little to no association with maximum field concentration (white section of Fig. 1B ).
8 6
We observed this dichotomy in sampling effort according to environmental systems. Sampling 2 8 7 effort was positively associated with maximum field concentration in lentic but not lotic systems 2 8 8 (Fig. 1C, Table 2 ), most likely because sampling effort for pesticides in lentic systems represents 2 8 9 a lower range of values compared to sampling effort in lotic systems. Lotic systems were 2 9 0 sampled 4.9 times as much as lentic systems (mean number ± standard deviation of lotic versus 2 9 1 lentic samples per pesticide: 16,111± 10,301 vs. 3,304 ± 3,005). Thus, observations from lentic 2 9 2 systems seem to fall on the section of the hypothesized curve with a positive slope where 2 9 3 increased sampling is associated with higher detected maximum field concentrations (i.e. gray 2 9 4 section of Fig. 1B) . In contrast, observations from lotic systems seem to fall on the section of the 2 9 5 curve closer to the asymptote, so increases in sampling effort only have marginal effects on the 2 9 6 maximum field concentration (i.e. white section of Fig. 1B ). Following this pattern, we predicted 2 9 7 that including sampling effort would improve model validation for maximum EECs in lentic but 2 9 8 not lotic systems. incorporating sampling effort into models increases the variance in maximum field 3 0 5 concentrations that can be explained by maximum EECs. First, we examined the influence of 3 0 6 sampling effort on the relationship between maximum field concentration and EECs. We field concentrations from maximum EECs (Fig. 1D, Table 2) . At low to medium relative levels 3 0 9 of sampling effort (log 10 (sampling effort) = 2.24 to 3.78), maximum EECs tend to overestimate 3 1 0 observed maximum field concentrations, which is represented by negative residuals, and at 3 1 1 medium to high relative levels of sampling effort (log 10 (sampling effort) = 3.78 to 4.57), 3 1 2 maximum EECs more often underestimate maximum field concentrations, which is represented 3 1 3 by positive residuals (Fig. 1D) . Next, we sought to evaluate if the inclusion of sampling effort could increase the amount maximum EECs, an important consideration in validation of EECs. As hypothesized, sampling 3 1 7 effort improved the fit of maximum EECs to maximum field concentrations for lentic systems 3 1 8 more so than for lotic systems (Fig. 2, Table 2 ). The maximum EECs from the PWC, which are 3 1 9 purported to represent maximum concentrations of pesticides in ponds and reservoirs, were not a 3 2 0 significant predictor of maximum measured pesticide concentrations in lentic systems without 3 2 1 weights but became nearly significant when weighting by sampling effort (Table 2 ). In fact, 3 2 2 weighting observations by lentic sampling effort increased the relative amount of variance 3 2 3 explained by 50% ( Fig. 2A [Adjusted R Fig. 2B [Adjusted R 2 = 0.18]). For lentic 3 2 4 models with and without sampling effort weighted, while there was a positive trend between 3 2 5 herbicide EECs and measured concentrations of herbicides in lentic systems, there was no 3 2 6 discernible relationship between insecticide EECs and lentic insecticide concentrations ( Fig. 2A For insecticides in lentic systems, even though the variance explained in maximum field 3 9 8 concentrations by maximum EEC increases when we accounted for sampling effort (as represented by a shift in the dotted line closer to the 1:1 reference line in Fig. A compared to Fig.   4  0  0 B), the ability of EECs to predict field concentrations was still poor (shallow slope of the dotted 4 0 1 lines in Fig. A. and B) . The inability of the maximum EECs to predict maximum field of herbicides is about five times greater than insecticides in the US 30 , and so the power to detect should be greater than that for insecticides. As a result, maximum field concentration of 4 0 6 herbicides might be closer to the true peak concentrations compared to insecticides. With this motivation, we attempted to improve the ability of EECs to predict field 21 maximum concentrations in lentic systems, more than doubling the variance explained compared 4 1 9
to a model without landscape-level use. Most notably, when the model accounted for sampling 4 2 0 effort and pesticide use, the ability of EECs to predict maximum field concentrations in lentic 4 2 1 systems went from no relationship ( Fig. 2A) to a significant positive relationship (Fig. 3B) . contaminants in the environment. However, these models stand to be improved to increase the Recovery Act, the Toxic Substances Control Act, the Clean Water Act, and the Clean Air Act, Given our results, the next step for improvement of the PWC model would be for EPA and serve an underestimated role in the functioning of ecosystems 36 . Improvement of 25 Occurrence and Trends during 1992 -2011 . Environ. Sci. Technol. 2014 , 11025- Freshwater Biodiversity: Importance, Threats, Status and Conservation Challenges. for Urban Scenarios; Sacramento, CA, 2014. Thousand Oaks, CA: Sage, 2011. 
